Objective: To evaluate the safety and efficacy of 5% imiquimod cream for cutaneous dysplasia in high-risk renal transplant recipients.
I
MMUNOSUPPRESSED RENAL TRANSplant recipients (RTRs) experience significant morbidity from cutaneous viral warts (VWs), actinic keratoses (AK), Bowen disease (carcinoma in situ [CIS] ), cutaneous squamous cell carcinoma (SCC), and basal cell carcinoma (BCC). Owing to the lifelong requirement for immunosuppression in RTRs, these skin abnormalities tend to be difficult to treat, with their multiplicity of lesions, frequent recurrences, and resistance to many treatment modalities. 1 This treatment difficulty applies particularly to a high-risk group of immunosuppressed patients in whom a "field change" of skin abnormality occurs on sun-exposed sites, within which VWs, AKs, and other premalignant cutaneous lesions commonly arise on a background of histological dysplasia. These areas of field change have high malignant potential and account for much of the cutaneousrelated morbidity and mortality seen in this population.
A new chemotherapeutic agent is required for these patients, and one possible candidate is imiquimod (Aldara; 3M Pharmaceuticals, St Paul, Minn). Imiquimod is a member of a novel class of synthetic immune response modifiers that has antiviral and antitumor activity. Imiquimod binds to toll-like receptor 7, 2 which activates dendritic cells, macrophages, and monocytes to synthesize and release a variety of different proinflamma-tory cytokines that modulate innate and acquired cellular immune responses. 3 The final result is the generation of cytotoxic effector T cells and a T-helper type 1 immune response. This has been shown to be the mechanism of imiquimod-induced VW regression. 4 Imiquimodassociated antitumor responses also involve the induction of apoptosis, as shown in SCC cell lines 5 and superficial BCC in vivo. 5, 6 The mechanisms by which imiquimod may directly induce apoptosis in tumor cells have not been fully elucidated to date, but a reduction in the expression of the antiapoptotic protein Bcl-2 is reported. 6 In immunocompetent patients, imiquimod has been shown to successfully treat genital VWs, 7 BCC, [8] [9] [10] cutaneous VWs, 11 AKs, 12, 13 and Bowen disease. 14 In addition, 2 recent case reports 15, 16 show clinical and histological cure of invasive cutaneous SCC after treatment with imiquimod. All these skin lesions are frequently seen in RTRs, and the results of imiquimod used to treat these conditions in the immunocompetent population are encouraging for its putative application in RTRs. Furthermore, there is some evidence that human papillomavirus may play a role in the etiology of nonmelanoma skin cancer, in particular cutaneous SCC. 17 In RTRs, therefore, imiquimod may exert a dual beneficial effect, eradicating VWs and human papillomavirus-infected premalignant and malignant skin lesions.
Imiquimod is attractive in the context of organ transplantation owing to its activation of the local cutaneous immune system. However, in the setting of systemic iatrogenic immunosuppression used to prevent graft rejection, imiquimod may not be able to generate the immune response necessary for its antiviral and antitumor effects. Equally important was to address the safety of a topical immunostimulant in a patient with an allograft. 18 Most previous studies that examined imiquimod efficacy have included only immunocompetent individuals. Occasional uncontrolled small case series and individual reports are published of successful treatment of cutaneous VWs, [19] [20] [21] molluscum contagiosum, 22, 23 Bowen disease, 24 and BCCs 25 in immunosuppressed individuals (human immunodeficiency virus-positive and organ transplant patients).
This article reports the first randomized, doubleblind, placebo-controlled trial in 21 immunosuppressed RTRs, with the primary objective of assessing the safety and efficacy of 5% imiquimod for the treatment of cutaneous dysplasia in this patient group. A secondary objective is to assess the rate of development of new carcinomas in imiquimod-treated skin compared with control areas. The accelerated skin carcinogenesis seen in RTRs makes them the ideal population in which to evaluate the potential of immune response modifiers as chemopreventive agents.
METHODS
Patients were recruited to the study from a dedicated skin organ transplant and immunosuppression clinic at Barts and The Royal London Hospital between January 30, 2001 , and October 2, 2002. Written informed consent was obtained from the patients and their renal physicians. Approval for the study was obtained from the East London and The City Health Authority Research Ethics Committee. Patients aged 18 to 80 years were included if they satisfied all of the following criteria:
1. Immunosuppressed RTRs at high risk for skin cancer as determined by skin type (fair), high previous sun exposure (outdoor occupation or hobby, sunny holidays abroad, or living overseas for at least 6 months), and time since transplantation (Ն5 years) 2. One or more biopsy samples showing histologically confirmed invasive SCC or CIS, with clinical evidence of dysplastic skin.
3. A minimum of 2 areas of equivalent bilateral involvement (assessed visually) on the dorsal forearms or hands with warty keratoses or other premalignant skin lesions.
4. Stable renal function with no cause for clinical concern regarding possible allograft rejection.
Patients were instructed not to use any topical chemopreventive (eg, fluorouracil cream) or topical immunomodulatory treatment at any body location during a "washout" period of 4 weeks before study entry.
During the 1-year study, no concomitant medication or treatment at the study drug treatment site or untreated control site was permitted. No other investigational drugs or oral antiviral medications were permitted in the 4 weeks preceding study entry and throughout treatment and follow-up. All patients received standard advice to use a sun protection factor sunscreen of at least 15 on all sun-exposed skin, including the study and control areas.
STUDY POPULATION
Twenty-one patients were recruited (10 men and 11 women). Baseline demographic and clinical characteristics of these patients are given in Table 1 . Their mean age at study entry was 56 years (range, 32-71 years), with a mean of 18 years since kidney transplantation (range, 7-30 years). Immunosuppressive drug regimens are detailed in Table 1 .
Four patients were also taking low-dose acitretin (10-30 mg daily) as chemoprophylaxis against further SCC ( Table 1 ). The dose of acitretin in all patients had been stable for at least 12 months before study entry and was not altered during treatment or follow-up. Three of these 4 patients had continued to develop 2 to 7 SCCs per year in the 4 years preceding study entry, and, therefore, acitretin had failed to provide complete chemoprophylaxis. In the fourth patient there was a reduction in the number of tumors after the introduction of acitretin 4 years previously; however, she continued to have AKs and 1 SCC preceding study entry.
STUDY DESIGN
Patients were randomized in a 2:1 ratio to receive active agent vs placebo, and the investigators and the patients were masked to the treatment received. At the initial visit, 2 clinically similar areas of 20 to 60 cm 2 (1 on either limb) were chosen on the dorsum of the hand or forearm: 1 for treatment with the study drug and the other (on the opposite limb) as an untreated control area. Both areas were photographed, and the number and type of skin lesions were mapped onto a printed diagrammatic template. Equivalent areas of skin abnormality in the treatment and control sites were chosen for punch biopsy examination at week 16, and the results were mapped precisely on the template at study initiation to reduce the risk of bias.
The study creams were supplied in similarly packaged singledose sachets (each containing 250 mg of either 5% imiquimod such that neither the patient nor the clinician was aware of the contents of the sachets. The study cream was applied to the study area 3 times per week for 16 weeks or until all lesions cleared at the application site. Study cream was applied at night and remained on the skin for at least 8 hours before being washed off. Patients were provided with a diary card for recording applications of the cream and adverse events.
Efficacy was evaluated at baseline and at weeks 8 and 16 by detailed clinical mapping of the number and type of lesions (VWs, AKs, and field change areas) on the application and control areas, with photographic monitoring. Any adverse events were assessed and noted by the investigating clinician (V.L.B.) at weeks 2, 4, 8, 12, and 16. Specifically, local skin reactions were graded on a scale from 0 to 3 (0 indicates none; 1, mild; 2, moderate; and 3, severe) for erythema, edema, induration, vesicles/ pustules, erosion/ulceration, excoriation/flaking, and scabbing for the application and control sites separately, with a maximum score of 21. The patients independently noted any local toxic effects on their diary card. A rest period of up to 7 days was permitted if a severe local skin reaction developed (defined as a local skin reaction that substantially interferes with normal daily activities). Safety with reference to the kidney allograft was evaluated by measuring serum creatinine levels weekly for 4 weeks, then every 2 to 4 weeks until the end of the 4-month treatment period and every 4 to 8 weeks during the 8 months of follow-up.
At week 16, punch biopsy samples were collected from the 2 areas chosen at baseline. These samples were assessed by a dermatopathologist (R.C.) who was blinded to the treatment applied and who had no knowledge of which was the application vs the control site for each patient. Inflammation and dysplasia were graded as absent, mild, moderate, or severe.
After 4 months of treatment, patients were reviewed every 4 to 8 weeks for another 8 months. Any clinically suspicious lesions that arose on either the treatment or control sites during the 1-year study were photographed, excised, and assessed histologically.
Using standard immunohistochemical techniques, CD4 and CD8 expression was examined to assess the inflammatory infiltrate, CD68 expression was examined as a macrophage marker, and p53 expression was also assessed. In brief, 4-µm transverse sections of paraffin-embedded tissue were cut onto electrostatically charged glass slides (Superfrost Plus; Erie Scientific Co, Portsmouth, NH), deparaffinized, and then immersed in 3% hydrogen peroxide in methanol to quench endogenous peroxidases. Antigen retrieval was achieved by microwaving the slides for 18 minutes (8 minutes to boiling and 10 minutes at boiling) using 0.01M citrate buffer (pH 6.0). Sections were incubated in the primary monoclonal antibody (CD4 or CD8: Dako Ltd, Cambridgeshire, England; CD68 [PGM1] and p53: DakoCytomation, Cambridgeshire) for 1 hour at room temperature. Normal appendix tissue was used as control for CD68, breast carcinoma for p53. All washes were performed in Trisbuffered saline, pH 7.6, and then incubated in a secondary biotinylated antibody (Vectastain Universal Elite ABC kit; Vector Laboratories, Peterborough, England) at room temperature for 30 minutes and further rinsed in Tris-buffered saline. A tertiary peroxidase-labeled avidin-biotin complex was applied at room temperature for 30 minutes before developing with diaminobenzidine (Bio Genex, San Ramon, Calif ). All slides were counterstained with Gills hematoxylin (Sigma-Aldrich Co Ltd, Dorset, England) and dehydrated in a series of alcohols before being mounted in a nonaqueous mounting media.
Immunohistochemical findings were scored as follows: negative (-), 1 to 50 positive cells per high-power field (ϩ), 51 to 100 positive cells per high-power field field (ϩϩ), and greater than 100 positive cells per high-power field (ϩϩϩ). Scores were compared in study vs control biopsy samples and were recorded as follows: 0, no difference between study and control areas; 1, increased in study area compared with control; 2, greatly increased in study area compared with control; or -1, reduced in study area compared with control. The Fisher exact test was used to assess statistical significance in all cases. 
SAFETY
None of the patients receiving active treatment experienced any detrimental effect on their renal allograft. Mean serum creatinine levels during the 16-week treatment period were compared with mean values 12 months before the study and during the 8 months after treatment (ie, after week 16). A percentage change during the study was calculated by comparing the mean serum creatinine value in weeks 12 to 16 with the prestudy mean value ( Table 2) . In many patients (in both groups), this value was found to fluctuate by up to 10% above and below baseline ( Table 2) . No patient showed more than a 20% increase in serum creatinine concentration during the 16 weeks of treatment. Overall, these data suggest that imiquimod treatment to a limited area of skin does not have an adverse effect on renal function in RTRs.
EFFICACY
Clinical and histological assessments at weeks 0 and 16 are given in Table 2 . Seven of 14 patients receiving active treatment and 1 of 6 taking placebo had a reduction in the areas of field change as assessed clinically (P=.32), whereas 5 of 14 imiquimod-treated and 1 of 6 placebotreated patients had reduced numbers of keratoses (P =.61). On histological assessment of the week 16 biopsy samples, 5 of 14 treated patients (1 of 6 taking placebo) had reduced dysplasia in the study hand compared with the control hand (P =.61). There was also a reduction in the number of plane VWs in 7 of 14 patients receiving active treatment and in none of 6 taking placebo (P=.05) ( Table 2 ). Patient 1, who showed a reduction in keratoses, dysplasia, and warts, is shown in Figure 3 . Patient 16 had symptoms severe enough (score, 11 of 21) to necessitate a 2-week discontinuation of the drugrest in weeks 10 and 11. Histological evidence of inflammation was apparent in study biopsy samples from 5 patients (4 receiving active treatment and 1 taking placebo) but did not always correlate with clinical inflammation. Some sampling bias is probable (see the "Study Limitations" subsection), but also the inflammation had subsided by the time biopsy samples were collected for patient 1 (who showed the greatest clinical benefit) and for patient 16 (who required the 2-week rest). In this small series, there was no significant correlation between beneficial clinical response and the degree of inflammation (Table 2) .
LOCAL ADVERSE EVENTS
Clinically apparent inflammation occurred in only 5 patients (4 receiving active treatment and 1 taking placebo), with symptoms first noted at 4, 6, 8, 12, and 16 weeks, respectively. Symptoms included erythema in 4 patients, erosions or superficial ulceration in 5, scabbing in 5, and induration in 1. An example of local inflammation on the treatment hand of patient 5 is shown in
CHEMOPROPHYLAXIS
No malignancy developed on imiquimod-treated skin during the active treatment phase of the study, whereas 1 tumor developed on placebo-treated skin and 2 tumors developed on control skin of patients in the active treatment group during the 4-month treatment period ( Table 3) . During follow-up, patient 16 developed 2 CISs on imiquimod-treated skin, at 8 and 12 months. These were the only tumors to arise on imiquimod-treated skin during the 12-month study. In comparison, 4 patients (including patient 16) developed invasive SCC (n=2) or CIS (n=2) on the untreated control skin (Table 3) . Thus, in the imiquimod-treated group, 1 of 14 patients developed carcinoma in imiquimod-treated and control skin vs 3 of 14 patients with tumors on control skin only (Table 3 ). In the placebo-treated group, 1 of 6 participants developed SCC on placebo-treated and control skin, 1 developed SCC on placebo-treated skin only, and 1 developed SCC on control skin only (Table 3) . These patient and tumor numbers are too small to provide meaningful statistical analysis. No patient developed a BCC at either control or treatment sites during the study, although 1 tumor was pathologically defined as a basaloid SCC. 
PATIENTS TAKING ACITRETIN
All 4 patients who were taking systemic acitretin as chemoprophylaxis before and throughout the study were randomized to receive imiquimod treatment. Two of these 4 patients (patients 4 and 16) developed clinical evidence of inflammation during the treatment phase. Patient 16 developed 3 CISs on control and study sites during the 12-month period ( Table 3 ). The other 3 patients (patients 2, 4, and 19) developed tumors (SCC and BCC) during the 12-month study, but none within the study or control areas.
IMMUNOHISTOCHEMICAL ANALYSIS
In most of the imiquimod-treated biopsy samples (9 of 14), there was an increase in CD68 expression in study skin compared with control skin, but this increase was associated only with clinical and histological improvement in dysplasia in 5 of 9 patients (Figure 4) . Four of 5 patients who developed clinical evidence of inflammation showed strong expression of CD4 and CD8 (data not shown). p53 Immunostaining correlated closely with histological evidence of dysplasia in imiquimod-treated skin (11 of 14) and not with clinical response (Figure 4) . Clinical Histology
Abbreviations: C, control area; CIS, carcinoma in situ; NE, not evaluable/not evaluated; S, study area; SCC, squamous cell carcinoma. *Percentage change in serum creatinine level from mean prestudy levels to mean levels measured during weeks 12 to 16. †Numbers of lesions (extent of field change) in the study and control areas were compared at the start and end of treatment (weeks 0 and 16, respectively). Minus indicates a reduction in numbers/extent; plus/minus, no change in numbers/extent; and plus, an increase in numbers/extent. ‡Clinical assessment of inflammation was noted as severe (ϩϩ), moderate (ϩ), mild (ϩ/−), or absent (0). Histological assessment of inflammation was graded as none (0), mild (1), moderate (2), or severe (3).
§Dysplasia was assessed histologically in biopsy samples collected from study areas (treated) and control areas (untreated) at week 16. Dysplasia was graded as none (0), mild (1), moderate (2), severe (3), CIS, or SCC. 
COMMENT
We report the outcome of the first randomized, doubleblind, placebo-controlled trial of 5% imiquimod cream in immunosuppressed organ transplant recipients. The primary objective of this study was to evaluate the safety and efficacy of this topical immunostimulatory agent in the treatment of cutaneous dysplasia in high-risk individuals. A secondary objective was to review the development of SCC or CIS in imiquimod-treated areas during 1 year of follow-up.
Our study design included a left-right within-patient comparison to reduce possible confounding effects between patients, such as number of, type of, and length of time taking immunosuppressant drugs; level of immunosuppression; age; skin type; and previous sun exposure, all of which affect skin cancer risk. Although systemic absorption of study drug might theoretically invalidate such a study design, we believed that this was unlikely given the small treatment areas used and available pharmacokinetic data demonstrating insignificant systemic absorption of topically administered imiquimod. 26 Similarly, although there is a theoretical risk of allograft rejection because imiquimod will increase interferon levels, we believed that it was possible to treat small areas of skin safely in these patients while maintaining systemic immunosuppression and monitoring graft function.
SAFETY AND TOLERABILITY IN IMMUNOSUPPRESSED PATIENTS
Our data suggest that 5% imiquimod cream is safe to use 3 times per week on up to 60-cm 2 areas of skin in RTRs and is generally well tolerated. Five of 14 imiquimodtreated patients developed local inflammatory symptoms. These symptoms occurred less frequently and started later (weeks 4-16) than is usually seen in studies of immunocompetent people. For example, in a doubleblind study 12 of AKs, 100% of the patients who used imiquimod experienced mild, moderate, or severe reactions starting in week 2 and peaking in week 6. In another study 6 of superficial BCCs, imiquimod treatment resulted in signs of erosion after 3 to 5 days in 5 of 6 immunocompetent patients. The delayed response in our immunosuppressed patients has previously been observed in RTR-treated perianal warts 27 and may reflect a failure to recruit the effector cells needed to stimulate the cutaneous immune system of immunosuppressed individuals (see the following subsection).
Graft function was unaffected by the use of imiquimod in this study. Although 2 patients (9.5%) died during the study, this mortality rate was no different from that of 8.6% seen in the renal transplant skin clinic cohort as a whole during the same period. Both patients who died were using active cream, but this could not be implicated in the cause of death.
EFFECTIVENESS OF IMIQUIMOD IN IMMUNOSUPPRESSED PATIENTS
Of the 14 patients using active cream, 7 (50%) demonstrated a reduction in skin atypia and plane VWs in the treatment area compared with 1 (17%) of 6 patients who received placebo (P =.32). However, only 5 (36%) of 14 patients treated with imiquimod demonstrated a reduction in the number of AKs at the end of treatment, in contrast to the 84% of patients who experienced total clearance of all AKs in a double-blind, placebo-controlled study conducted in immunocompetent individuals by Stockfleth and colleagues. 12 There could be several explanations for this apparent discrepancy, including the failure to recruit effector cells. Systemic immunosuppressive therapy reduces T-cell function, dendritic cell trafficking, and macrophage activation, and an increased dose of imiquimod may be required for an equivalent inflammatory response. The 3-times-weekly dosing regimen used in this study was documented to be effective for the treatment of genital warts in immunocompetent individuals 7 but may have been insufficient for treating epidermal sites in transplant recipients. Alternatively, if RTRs are profoundly immunosuppressed, imiquimod may be unable to modulate innate and acquired cellular immune responses even with higher dosing regimens. A site-specific difference in the inflammation produced with imiquimod on dorsal hand skin compared with forehead skin is another possible expla- tions per week have been shown to be optimal for the treatment of BCCs in immunocompetent people, and it has been noted that increasing severity of erythema, erosion, and scabbing/crusting is associated with higher clearance rates. 9 
CHEMOPROPHYLACTIC EFFICACY OF IMIQUIMOD AND INTERACTION WITH SYSTEMIC RETINOIDS
Only 1 of the 14 imiquimod-treated patients developed histologically confirmed CIS in the imiquimod-treated area of skin during follow-up of the 1-year study. He, along with 6 other patients, also developed CIS or invasive SCC in the control or placebo-treated areas of skin. These data emphasize the high-risk nature of RTRs, making them an ideal population in which to assess a potential chemoprevention role for imiquimod. Our data suggest a possible reduction in squamous malignancies in imiquimodtreated skin, although this was not statistically significant, perhaps because of small patient numbers. Nonetheless, these results suggest that further studies treating larger skin areas in a larger number of patients are now justified. We intentionally included several patients receiving low-dose systemic retinoids in this study because in our specialist organ transplant dermatology clinic many highrisk patients with multiple nonmelanoma skin cancers receive acitretin as part of a chemoprophylactic strategy. 28 Within the limitations of this small study, we found no difference in response to imiquimod in retinoidtreated patients compared with patients who were not taking this treatment.
STUDY LIMITATIONS
This study has several limitations, although it remains the largest controlled trial in RTRs to date, to our knowledge. First, small patient numbers reduced the power to confirm the apparent positive benefit of imiquimod. This may have been compounded by the small size of the treatment areas. However, until the safety data have accumulated, it would seem unwise to treat large skin areas in this allograft population. Second, the relative level of immunosuppression is likely to differ in individual RTRs and is difficult to compare. In the absence of a reliable measure of immunosuppression level, all RTRs are taking standard doses of 2 to 4 immunosuppressive drugs. Thus, we could not control for the degree of immunosuppression in individuals randomized to the active vs placebo arms, and it seems probable that the imiquimod dosing regimen was inadequate for some patients. The few patients who developed a clinically notable inflammatory response would support this supposition. Third, it is expected that the biopsy findings for dysplasia in treatment and control sites may be liable to sample bias. Great care was taken to choose equivalent areas of clinically atypical skin at the start of the study for week 16 biopsy sampling. However, clinical assessment of skin atypia will not necessarily predict histological dysplasia. This may explain why there was good, but not complete, correlation between clinical and histological assessments ( Table 2) .
CONCLUSIONS
To our knowledge, this is the first randomized controlled trial of imiquimod for the treatment of cutaneous premalignancy in organ transplant recipients. The accelerated skin carcinogenesis seen in RTRs makes them the ideal population in which to evaluate the potential of topical immunostimulatory agents for chemoprevention. There are reports of studies treating cutaneous VWs in immunosuppressed patients, 20, 21, 29 but none other than case reports or small open series examining the treatment of squamous malignancy in transplant recipients. 24, 30 Our study adds to these published articles because it is larger and incorporates a randomized, double-blind, and placebo-controlled study design. The apparent benefit of imiquimod in this study requires confirmation with a larger study population treating more extensive areas of diseased skin, perhaps under occlusion or after pretreatment with keratolytics. It remains to be seen whether imiquimod will be the agent used to arrest the ever-increasing burden of cutaneous neoplastic and infectious complications that result from long-term immunosuppression. 
